Scoliosis is the most common. 13 Skull dysplasias do occur but are almost always restricted to the orbit. Occipital dysplasias (ODs) are extremely rare and very few cases have been reported in the literature.
5,13
We present 2 pediatric cases of giant PNF (GPNF) associated with OD. In the first case there was NF1 with a meningoencephalocele, and in the second case there was an SNF.
Illustrative Cases

Case 1
The first case was a 17-year-old boy who had presented with a progressive, painless swelling of the occiput since early childhood. The parents had noticed it when the child was a few months old. The boy's mother had NF1 with all the diagnostic criteria. On examination, the swelling was large (15 × 12 × 13 cm), and he had grown his hair long enough to partly cover it (Fig. 1a) . The swelling was fluctuant but not transilluminant. The margins of the bone defect were only partly palpable. He had cutaneous stigCongenital giant plexiform neurofibroma with occipital calvarial dysplasia in association with meningoencephalocele in neurofibromatosis Type 1 and segmental neurofibromatosis mata of NF1 with more than 15 café-au-lait patches and several cutaneous neurofibromas on the forehead (Fig. 1b) . His radiological findings are depicted in Fig. 2 . There was a large heterogeneous lesion with a giant underlying meningoencephalocele. A large portion of the visible swelling consisted of a giant neurofibroma (Fig. 2a) , which was excised completely. The meningocele sac was repaired ( Fig.  3b and d ) and a cranioplasty was performed using polymethylmethacrylate ( Fig. 1c-e) . A "V-Y" plasty was done for the scalp and excess tissue was excised (Fig. 3c) .
Case 2
This 14-year-old boy presented with history of a gradually progressive painless swelling in the occipital region, first noticed by his parents at the age of 2 years. The swelling gradually increased in size and developed a reddish hue. The patient was from a rural area and the parents were apprehensive about surgery; he finally presented to us at the age of 14 years. On examination he had a large occipital swelling ( Fig. 4a and b ) that was soft and nonfluctuant, and transillumination was negative. The swelling had a red telangiectatic hue ( Fig. 4a and b ), but no bruit was auscultated. The margins of the bone defect were palpable. The boy had no neurological deficits and no signs or family history of NF1. The neuroimaging revealed a large (12 × 12 × 10 cm) swelling in the occiput, on the right more than on the left (Fig. 5) . There was an underlying defect of 8 × 6 cm. The dominant right transverse sinus was located in the middle of the lesion ( Fig.  5c and f) ; this was confirmed on the MR venogram (Fig.  5f ). The excision was subtotal, due to the presence of the venous sinuses and the vascularity of the lesion. The residual lesion was left adherent to the sinus, and the use of intraoperative ultrasound and Doppler studies prevented any injury to the sinus. A formal cranioplasty was avoided due to the residual lesion.
Histopathological Findings
The H & E staining of resected tissue specimens clinched the diagnosis (Fig. 6) . The lesion was a neurofibroma showing focal myxoid generation and spindle cells, with serpentine nuclei and wispy cytoplasmic borders.
Discussion
As discussed by Scott, 15 in 1906 Helmholtz and Cushing first reported PNF of the scalp. Subsequently, as detailed by Ohaegbulam, 11 Rakshit et al. identified 2 scalp neurofibromas in a review of 256 patients with NF. In general, PNFs are found in association with NF (in 26.7% of patients). 17 PNF is usually found along the course of a major nerve trunk, the ophthalmic division in the face. 1 It is an unencapsulated lesion and infiltrates the surrounding soft tissue to produce a fusiform appearance. 1 GPNFs have been described very rarely in the literature.
1,2,6,7,9-11,13,15-17 SNF is a mosaic form of NF. 5, 6 It usually involves one large segment of the body and may involve both sides of the body either symmetrically or asymmetrically.
5 Early embryological mutations are usually indistinguishable from NF1, but later somatic mutations restrict the disease to one segment of the body. The pathogenesis is a postconception mutation of somatic cells rather than germ cells. 6 The varied distribution of the lesions reflects different cell clone lines. That SNF is a mutation in the NF1 gene has been proven in molecular studies recently. In general SNF carries a very low risk of disease-associated complications and of having a child with generalized NF. SNF has been very rarely described in the scalp. 5, 6 The diagnosis of SNF is based entirely on clinical signs. 6 The second patient in this report had a GPNF with OD and with telangiectatic discoloration of the overlying skin, but with none of the other cutaneous stigmata of NF1. Review of the literature on SNF revealed only a few recent reports, including one as recent as 2011, and discussed that OD has been reported by only one other paper, 1,17 so we ran a PubMed search and found to our surprise that the first occipital plexiform neurofibroma with an occipital bone defect was described in 1966.
9, 15 We have summarized the review of the literature in Table 1 . There is an underlying large meningocele with dysplastic right cerebellar hemisphere. e: The 3D reconstruction CT of the occiput revealing the OD, which measured 8 × 10 cm. This is also depicted in panel g and in the reconstructed sagittal image (f). There was no dysplasia noted in the cervical spine. Only 11 reports were found in the literature, of which 10 were in English and 1 was in Japanese.
1,2,6,7,9-11,13,15-17 Of these 11, 2 cases had nonoperative management and 2 had only a biopsy. 1, 6, 9, 17 In the initial description by Helmholtz and Cushing, as detailed by Scott, 15 the location of the PNF was at the forehead and temporal region. It was suggested then that there was a propensity for the forehead and the temporal region, especially the area of the scalp innervated by the trigeminal nerve. Although the forehead and the distribution along the course of the trigeminal nerve is the most common location, there have been a few reports of the PNF occurring at the occiput. 1, 2, 6, 7, [9] [10] [11] 13, [15] [16] [17] Both our patients were male, and if we add this to the available data (Table 1) , then there appears to be a slight male preponderance (male/female 7:5). Most reported cases have been congenital, but presented later in life due to apprehensions of a social or psychosocial nature, as was seen in both of these cases. 1, 2, 6, 7, [9] [10] [11] 13, [15] [16] [17] Of the 11 reports, there was only thinning of the occipital bone with no true dysplasia. 15, 16 The defect of the occipital bone was not mentioned in 5 reports.
1,2,6,10,13 One patient had multiple areas of bone loss. 9 Both patients in this report had giant ODs. There were only 4 other cases describing meningoencephalocele in association with OD. 1, 6, 10, 13 Of these, only 1 had SNF and the remaining 3 had NF1. All of these lesions were associated with calvarial dysplasia.
Spinal meningocele associated with NF is relatively common, and may occur in between 60% and 85% of all cases of NF. 12 There have been several theories to explain the occurrence of the associated meningocele in the spine. The occurrence of the meningocele is probably part of the mesodermal dysplasia. 6, 12 The enlargement of the sac is generally believed to be due to the pulsating motion of the CSF. Some authors believe that meningocele may be a forme fruste of neurofibromas. 13 This would explain the coexistence of the 2 pathologies, even in the cranium. Another theory assumes that trauma is the inciting event for the meningocele. 12 It would seem probable that the cranial meningocele would occur as part of the mesodermal dysplasia and that cSF pulsations would gradually enlarge the sac. This theory would lend credence to the progressive enlargement of the sac, as is seen in most of the cases. 1, 2, 6, 7, [9] [10] [11] 13, [15] [16] [17] Neurofibromatosis is generally considered to be a neurocutaneous disorder of neural crest origin with very little emphasis on osseous abnormalities, although osseous dysplasia is 1 of the 7 criteria for diagnosing NF1. However, recent evidence has proven mesodermal involvement in this syndrome. There may be primary or secondary involvement of the skeletal system. The skeletal involvement is compounded by osteoporosis and poor bone healing. Most of the osseous lesions are thought to be secondary to the altered functioning of the NF1 gene. Besides true dysplasias, secondary involvement of the bones may be due to compression of the malignant tumors seen in association with this disorder, such as malignant peripheral nerve sheath tumors and rhabdomyosarcomas.
Osseous manifestations in NF1 are relatively common and occur in up to 50% of patients with NF1.
1,2,6,7-11,13,15-17 These lesions are usually found in long bones and may include scoliosis (10%-26%), sphenoid bone dysplasia (3%-11.3%), pseudarthrosis, and macrocephaly. 8 cranial osteolysis in NF1 is very rare. 1, [6] [7] [8] [9] [10] [11] 13, 17 There are only a few cases reported, and in most it is difficult to ascertain whether the osteolysis was a result of the erosion secondary to the giant tumor or was merely associated as part of the disease syndrome. 8 It is generally accepted that if there are no sclerosing margins of the bone defect and there is hypoplasia of the ipsilateral mastoid air cells, then the dysplasia is a true dysplasia and probably not due to the overlying defect.
10,14
There have been a few theories outlining the etiopathogenesis of osteolysis in NF. The first and simplest explanation for osteolysis appears to be the associated mass lesion causing erosion of the overlying calvaria. 1, 2, [6] [7] [8] [9] [10] [11] 13, 14, 16, 17 The problem with this hypothesis was that none of the reports demonstrated radiological evidence of progression. calvarial osteolysis without mass lesions in NF has been described. 8, 14 Inherent dural ectasia and ballooning of the dura mater and subsequent erosion of the overlying calvaria has also been proposed. The exact mechanism, however, is a matter of conjecture. 8 Defective mesodermal and neuroectodermal development has been proposed as an embryological mechanism.
8
A few molecular mechanisms have been postulated. NF1 is caused by heterozygous mutations in the NF1 tumor suppressor gene at 17q11.2.
5 Its product neurofibromin has several important interactions. It has an important role as ras signal regulator and thus for osteoblast function. Data from research in mouse models has elucidated that NF1 haplosufficiency is most likely associated with generalized neurofibromin bone remodeling defects. On the other hand, total loss of the NF1 gene is probably related to focal dysplastic events, perhaps not unlike those seen in OD.
PNFs usually have a very indolent course and enlarge gradually, 1,2,5-7,9-11,13,15-17 as evidenced in both our cases. The indications for surgery are pain, cosmetic disfigurement, and neurological involvement. 5 There have been re- ports of malignant transformation of GPNFs.
3,5,13 Surgery for GPNF has been described as being difficult because these tumors are usually very vascular, and torrential hemorrhage has been reported. 4, 5, 7, 13 Several authors have advocated only biopsy of the lesion. 5 In our first patient, complete excision of the lesion was possible. The large meningoencephalocoele was repaired and a reconstruction was done using polymethylmethacrylate. A formal cranioplasty was not possible in the second case because the dominant transverse sinus and the transverse-sigmoid junction was in the center of the defect (Fig. 5c, e, and f) , with parts of the tumor closely adherent to the sinus. Tumor excision in this case was subtotal due to the presence of the venous sinuses and the vascularity of the lesions. There have been earlier reports of tumor firmly adhering to a dominant transverse sinus precluding complete excision. 7, 11 On the other hand there have been reports in which there was a definitive plane between the tumor and transverse sinus. 16 Large subgaleal venous lakes have also been associated with these lesions.
7 Even in patients in whom there was no involvement of the sinuses, some authors have avoided reconstruction due to the theoretical risks of cSF fistulas, altered intracranial compliance, postoperative hydrocephalus, and midbrain disturbances.
13
The risk of malignancies in NF1 is approximately 2.7% more than in the general population.
5 This appears to be so because a healthy individual would require 2 mutations to occur on intact alleles, whereas in NF1 there is a predisposition due to the inherited first mutation and thus requiring only an added mutation for malignancy to occur. In 1 report discussed in the review, the lesion was a neurofibrosarcoma. 1 There is approximately a 10% chance of malignant transformation reported in an existing case of NF. 13 Studies in transgenic mouse models have revealed that inactivation of both alleles of the NF1 gene has widespread consequences and the mouse dies during embryogenesis. 5 If, however, only one allele is affected locally in the neural crest, results in tumor genesis of neural crest origin are similar to those seen in humans.
Malignancies are also reported in SNF, the most common being those derived from the neural crest, such as malignant peripheral nerve sheath tumors and malignant melanoma. 3 The incidence is assumed to approach that of NF1.
Conclusions
Plexiform neurofibroma associated with OD in patients with NF and SNF is extremely rare. Early surgical management should be the treatment of choice, not just for cosmetic considerations but also for the theoretical risk of malignant transformation. However, the occurrence of osteolysis may also be prevented if it is indeed secondary to the pressure effects of the lesion, which cannot be disproven conclusively. Surgical management also needs to be individualized because of the varied coexisting lesions. The outcome is generally good. However, further genetic studies specifically related to neurofibromin cellular functions and downstream signaling pathways would be needed for a better understanding of the origin and predilection of skeletal dysplasias for certain anatomical sites and other related conditions and to further elucidate the ramifications of this genetically challenging disorder.
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